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AHHOTaLI,HH 

Results of analysis of long time variations of solar activities based on monthly 
■ Wolf number series (1749-2011 years) are represented. Shown the presence of stable 

oscillations in autocorrelation function for the Wolf numbers series with a period 
near 42.5 years. The statistical model of variations of autocorrelation function based 
on assumption of nonstationarity process are constructed. The question of using the 
model to predict the solar activity is discussed. 

B paGoTax [H |2] 6l>iji paccMOTpen Bonpoc o BepoaTHocTHbix xapaKxepHCTHKax floji- 
ronepHo;i,HHecKOH HSMeHHHBocTH cojiHeHHofi aKTHBHocTH Ha ocHOBe anajiHsa pa^a HHceji 
Bojibcjia c 1749 no 2009 rofl j3]. Bt.i6op pa^a hhccji Bojitcjaa j^jis anajiHsa ^ojironepn- 
o^HHecKHx H3MeHeHHH c BpeMeHHbiMH MacniTaGaMH nopsflKa 100 jiex oGycjioBjien xeM, 

HTO 3TOT Ha6op ^aHHblX 5IBJI5ieTC5I e^HHCTBeHHBIM ^OCTaTOHHO ^OCTOBCpHBIM CBHfleTejIb- 
CTBOM B cJ)OpMe KOJIHHeCTBeHHBIX COOTHOmeHHH HSMeHHHBOCTH COJIHeHHOH aKTHBHOCTH Ha 

npoxajKeHHH nocjie^HHX 250 Jiex. Ochoboh Hccjie^oBaHHii b 3thx pa6oTax HBjiHjica Mexofl 
CKOJibsamHx pa^oB fljiHHoli 100 jiex c HcnojibsoBanHeM Mexofla MOMenxoB ^jia on;eHHBaHH5i 
napaMexpoB Mo^ejibHoro pacnpe^ejieHHs BeposxHocxett hhccji Bojib(|)a. Ochobhoh bbibo^, 
KoxopbiH Gbiji cfl^ejian b yKasanHbix paGoxax cocxohji b xom, hxo b cojineHHOH aKXHBHocxH 
npoaBji3K)xc5i flBa pasjiHHHbix MexannsMa nHXHooGpaaoBaxejiBHofl fleaxejiBHocxH Cojih- 
ii,a. 0;];hh npe^cxaBjiHex co6oh MexannsM (|)opMHpoBaHH5i ycxofiHHBoro BepoaxnocxHoro 
pacnpe;];ejieHHH hhccji Bojit.(|)a xnna 3KcnoHeHij,HajibHoro pacnpe;i,ejieHHa, anajiorKHHoro 
no (|)opMe pacnpe^ejieHHio Bojibn;Mana. Bxopoit tkb MexannsM mojkho oxapaKxepnaoBaxb 
KaK MexannsM yBejinnenna hjih cnn^KennH BeposxHocxn nosBjieHHS o^noBpeMeHHO 6ojit.- 
moro HHCJia naxen, hto mojkho paccMaxpnBaxB KaK npoaBjienne naMenenHa BcnbimeHHOH 
aKXHBHOcxH CojiHn;a. BtiaBjiennBie MexannsMbi conocxaBjiajincb c nsMenHnBocxbio nnxpa- 
xoB B jiB^ax AnxapKXHKH H rpenjiaflHH, c KoxoptiMH B cpeflHCM 6t>ijiH BbiaBjienbi onpe^e- 
jiennbie Koppeji5in;HH. O^naKo nojiyiennbie b paGoxax jl] |2] peayjiBxaxbi ne ^aiox bosmojk- 
nocxH npHMennxb nocxpoennbie Mo^ejin nenocpe^cxBenno k 3a;i,aHe nocxpoenna npornosa 
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Phc. 1: ABTOKoppejismHOHHaa 4)yHKn;Ha nojiHoro psp^a hhccji Bojibcjia. BejiHHHHa oTcneTa 
1 Mecau,, o6iri,aa ;i,jiHHa - 200 jiex. 



COJIHeHHOii aKTHBHOCTH, HTO HBJIHeTCa BaJKHbIM 3JieMeHTOM COBpeMeHHBIX HCCJieflOBaHHH 

CojiHii;a B nacTosmeii pa6oTe Hccjie^yexcsi MexoflaMH aHajiorHHHbiMH HcnojitaoBaH- 
HbiM B [H 12] ^ojironepHO^HHecKaa HSMeHHHBOcxb aBTOKoppeji3ii,HOHHOH (|)yHKn;HH pa^a 
HHceji BojiB(J)a. Ochobhoh 3cJ)cJ)eKT, Koxopbiii oGnapyaceH b peayjibxaxe sxhx HccjieflOBa- 

HHH, COCXOHX B o6Hapy>KeHHH yCXOHHHBblX OCn;HJIJIHn;HH aBXOKOppejI3IJ,HOHHOH (|)yHKIi;HH 

Ha ox^ejiBHBix oxpesKax BpeMenn ;i,jihhoh nopa^^Ka 30 jiex, na rpaHHij,e Koxopbix npoHC- 
xoflHx pesKHH cjibut (|)a3 xaxHx ocij,Hjijiaij,HH 6e3 HSMeneHHa nepnojia ocij,Hjiji3n;HH. Ha 
ocHOBe 3XHX peayjibxaxoB npe^^jioacena HOBaa mofl^ejih fl^jis cjiynaHHoro npoij,ecca, npe^- 
cxaBjiaiomero psji hhccji Bojib(|)a. B paGoxe paccMoxpenbi ocHOBHbie cBoflcxBa Mo^ejiH 
H npoBe;];eHO cpaBHCHHe c Ha6jiio;];aeML.iMH SHaneHHaMH aBXOKoppejiHi^HOHHofi 4)yHKn;HH 
pa^a HHceji Bojibcjaa. 

1. OiJ,eHKa aBXOKoppeji5in;HOHHOH (|)yHKii;HH ^jih ^HCKpexHoro n;H(|)poBoro pa^a na- 



GjIIOfleHHH flJIHHOH A^: Wi. 



1, . . . , N, HcnojiBsyeMaa b ^aHHoli pa6oxe, cxpoHxca no 



cxaHflapxHbiM npaBHjiaM h HMeex cjie^yiomHH bh^: 

1 N 



Rk = ; y WiWi 

i=k 



-k- 



(1) 



J\ji5i nojiHoro pa^a HHCjie Bojibcjia (1749-2011) o6iri;HH bh^ aBXOKoppejTa:n;HOHHOH (|)yHK- 
ii;hh npe;i,cxaBjieH na pnc. ([1]). HanGojiee Ba>KHL.iM cbohcxbom aBXOKoppejiaLi;HOHHOH (|)yHK- 
n;HH, npe;i,cxaBjieHHOH na pHC. ([1]) HBjiHexcH ne saxyxaiomnfl ee xapaxxep, hxo yxasbiBaex 
Ha xo, Hxo npoi];ecc cojineHHofi aKXHBHOcxH b (|)opMe hhccji BojiBcjDa SBjiaexca ;i,ocxa- 
xoHHO peryjiapHbiM h cxo^hbim no CBoncxBaM co cxan,HonapnL.iMH b mnpoKOM CMbicjie 
npon;eccaMH [S]. O^^naxo xax 6l.ijio npo;i,eMOHcxpHpoBaHo b Y>^j\e pa6ox no nocxpoennio 
Mo^ejien npe^^cKasanna, nanpnMep, b pa6oxax [H E], b peajitnocxn npon,ecc W{t) SBjia- 
exca ne cxan,HOHapHt>iM. Hmchho axo aaxpy^naex nocxpoenHe npornocxHnecKnx MOflejieii 
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Phc. 2: ABTOKoppejiaii;HOHHas (J)yHKii;Hii OTflejibHbix oxpesKOB psfl^a HHceji Bojib(|)a jxjiii- 
HOH 100 Jiex, B35iTbix Hepes 12 MecsmeB. BejiHHHHa oxcHexa no BpeMenn 1 Mecan;. 

^JIH COJIHeHHOii aKTHBHOCTH 

Mexo^ cKOJit.33iri;Hx pa^oB ^jia anajinaa cjiaGo HecTan;HOHapHL.ix npon;eccoB coctoht b 
npoBe^eHHH cpaBHHTejibHoro anajiHsa OT^ejibHbix oxpesKOB Hcxo^Horo pa^a. HcxoflHbiH 
pa^ Xi, i = 1, . . . , N npe^cTaBjiHexca b BH^e M pa^oB Y°- ^jihhoh L, ccJjopMHpoBaHHbix 
c noMombio cjie^yiomero ajiropHXMa: 

= Xi+,^a-i), i = l,...,L, a = l,...,M. 

P^jiRHa Hcxo;];Horo pa^a N, fl^jiRna c(|)opMHpoBaHHt.ix pa^^oB L, BejiHHHHa c;];BHra 5* ueyKpy 

pjIflaMH H HHCJIO HOBBIX pSflOB M CBHSaHBI COOTHOmeHHeM : 

M = [(iV - L)/S] + 1, 

rjie [x] - n;ejiaji nacxb nncjia a;. CcJjopMHpoBaHHbiil hs pa;i,a eaceMecanHbix nnceji Bojii>(|)a 
Ha6op H3 479 pa^oB a^jiuhor 1200 tohck (100 jict) bshtbix nepea S = 4 MecHn;eB nofl,Bep- 
rajica o6pa6oTKe jiJis BbinncjieHHa aBTOKoppejiaij,HOHHOH 4)yHKn;HH Kaac^oro ox^ejibHoro 
oxpesKa. Cbo^hbih Ha6op h3 159 aBTOKoppejian,HOHHt.ix 4)yHKii,HH, bsstbix nepea 5* = 12, 
npe^cxaBjien na pnc. 2 

KaK noKasbiBaex pnc. 2 aBTOKoppejismHOHHbie 4)yHKii;HH rpynnnpyioTCii b OT^ejiBHbie 
KjiacTept.1, oTHocHmHeca k ox^ejitHbiM HHxepBajiaM BpeMCHH. B Kaac^oM Kjiacxepe aBTo- 
Koppeji5in;HOHHa5i (|)yHKn;Ha MenaeTca xaKHM o6pa30M, hto nojioaceHHe ee nyjieii h SKCxpe- 
MyMOB ocxaexca npaKXHnecKH HeHSMeHHbiM, a Menaexca jinnib caMO SHaneHHe c})yHKij,HH b 
SKCxpeMyMax. Ho npn nepexo;i,e ox o;];Horo BpeMCHHoro Kjiacxepa k ;];pyroMy nojioaceHHe 
Hyjieit H SKCxpeMyMOB HSMenaexca npaKXH^ecKH CKa^KOM. B ii;ejiOM sxh HHxepBajibi coox- 
HOCHXca c nepHO^H3an;HeH ;];ojiroBpeMeHHoii HSMennHBOcxH cojineHHofi aKXHBHOcxH, nojiy- 
HCHHOH ;i,pyrHMH Mexo;i,aMH B pa6oxax [U |2]. 3xo osnanaex, hxo b xe MOMenxbi BpeMenn, 
Kor^a npoHcxo^Hx pesKoe HSMeneHHe BcnbimeHHoli aKXHBHocxH CojiHn;a, cKa^KOM Mena- 
loxca H cBOHCxBa caMOH aBxoKoppeji3ii;HOHHOH (|)yHKii;HH. TaKHM o6pa30M, BBisBjieHHaa b 
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Phc. 3: ycpeflHeHHaH aBTOKoppejismHOHHaH (|)yHKii;H5i R2{t) BToporo Kjiacxepa (nyHKXHp) 
H ocTaTOHHbie pH^bi oTKjioHeHHH. BejiHHHHa oTCHexa 1 Mecan,. 

9THX paGoxax HSMeHHHBocxL. no;i,TBep>K;];aeTCH na hobbix jxannhix. O^^naKo ocoGbih HHxe- 
pec npe;];cTaBji3eT to, xax npoHcxo;];HT HSMeHHHBocxb aBTOKoppejian;HOHHOH (|)yHKii,HH b 
BHyTpH oT^ejiBHoro BpeMeHHoro Kjiacxepa. HMeHHo mojkct ^axb nojiesnyio HHcJ)opMaii;Hio 
fl^jis npornosa HSMeHHHBocxH cojineHHofl aKTHBHocxH. 

2. JXjis anajiHsa noBe;];eHH5i aBTOKoppeji3n;HOHHOH (|)yHKn;HH BHyxpn Bbi^ejieHHbix Bpe- 
MeHHBix KjiacxepoB ee cxa6HjibHocxH, HcnojibsoBajica cjie^yiomHH ajiropaxM. J^Jis Jflp6- 
cxBa anajiHsa h HHxepnpexaij,HH Gbijih BtiGpaHti nextipe oxflejibHtix Kjiacxepa, co^ep- 
jKamHx aBxoKoppeji5in;HOHHt.ie 4)yHKii;HH aa nepnofl npHMepno 40 jiex. Hpn sxom anajiH- 
3y no^BeprajiHCB aBxoKoppeji3ii;HOHHbie (|)yHKn;HH Bsaxbie co c/i;BHroM b 4 Mec5in;a ^jia 
Ha^ejKHocxH on;eHHBaHH5i nepno^oB hx HSMeHHHBocxH. B peayjitxaxe KajK^tifi Kjiacxep 
cojiepyKSiji no 120 ox^ejibHbix aBxoKoppejiJin;HOHHt.ix (|)yHKn;HH. ^jih Ka>K;],oro Kjiacxe- 
pa BbiHucjiajiiicb cpe;i,HHe no Kjiacxepy aBXOKoppej[an;HOHnt.ie (|)ynKii,HH, Koxopbie saxeM 
BbiHHxajiHCb H3 Ka>K;i;oH 4)yHKii;HH Kjiacxepa. /^ajiBHeHineMy anajinay noflBeprajiHCb ocxa- 
xoHHbie P5i;i;l.i snanennn aBXOKoppej[5iii;HOHHOH (|)yHKii;HH c maroM Me>K;i;y oxcnexaMH b 1 
MecHu; H ;i;jiHHOH 50 jiex (600 xohck). THnHHHbin bh^ co;i,ep>KHMoro Kjiacxepa npHBe;i;eH 
na pnc. 2. 

Ha rpacjDHKe (|3]) nynKxnpnon jmnneii npHBe^ena cpe^naa no BxopoMy Kjiacxepy aB- 
xoKoppej[5iii;HOHHa5i (J)yHKi];H5i, a xohkhmh cnjiomnbiMH jihhhsmh npHBe^enbi rpa(|)HKH 
ocxaxonntix cJ)ynKn;HH. KaK bh^ho ocxaxonnbie pa^ti coBepmaiox ocn;Hjij[5iii;HH BOKpyr 
nyjieBOH (|)yHKii;HH xaKHM oGpaaoM, nxo nojioacenne ysjiOB h nynnocxen sxiix ocii;hjij[3ii;hh 
ocxaexca nonxn nensMennbiM. Mo;i;ej[b ^^ojiroBpeMennbix HSMenennn aBXOKoppejiaii;Hon- 
noH (|)ynKn;HH, cooxBexcxByiomyio BbiHBjieHHBiM ocn;Hj[j[3n;H3M Moxcno npe;i,cxaBHxt. b bh- 
flfi pasjEoacenna no sMnnpHiecKHM opxoronajibHbiM MOflaM [?] na KajKflOM h3 BbiflejieHHbix 
BpeMenntix cexMcnxoB b cjieflyiomeM BH;i;e: 

(t, r) = ^^^^ (r) + Y: VAFi?!") (r)e^ (t) . (2) 

a=l 



4 



3^ecb a - HOMep BpeMeHHoro cerMenxa ycxoHHHBbix ocii;hjiji5ili;hh, R^q^ (r) - cpe^Hsa (|)yHK- 
n;Ha na cerMenxe, A^"^-* - co6cTBeHHbie HHCJia mo^ c HOMepoM a na cerMenxe c HOMepoM a, 
R^^^ (r) - Mo^a aBTOKoppejiHn;HOHHOH (|)yHKi];HH, ^^'> (t) - HSMeneHHe aMnjiHTy^bi mo^bi co 
BpeMeneM. SaBHCHMocxB ox HOMepa cerMenxa a b sxom pasjiojKeHHH (|)aKXHHecKH oaHana- 
ex HajiHHHe ^onojiHHxejiBHoil HSMeHHHBOcxH Bce cJ)yHKn;HH ox BpeMenn, Koxopyio mojkho 
oxapaKxepH30Baxb xax neKoxopyio cxyneHMaxyio (|)yHKij,Hio nocxoaHHyio na cerMenxe, ho 
CKaHKOM MeHsiomylo CBoe SHaneHne npn nepexo;];e ox of^no cerMenxa k ;];pyroMy. 3xo no- 
Be^eHHe jierxo oGnapyjKHBaexca j\sjKe npn BHsyajibHOM anajiHse rpa(|)HKOB na pnc. ([2]) h 



3. Pesyjibxaxbi anajiHsa ocn,Hjiji3n;HH BHyxpn ox;];ejibHbix KjiacxepoB c noMoiLi;bio mc- 
xo^a SMnnpHHecKHX opxoronajibHbix mo^ npe^cxaBjienbi na pnc. (jlj) h (j5]). Ha pnc. 3 h 
pnc. 4 npHBe^eHbi rpa(|)HKH xpex nepBbix opxoronajibHbix mo^ (pnc. (j4j)) h rpacJiHKH hx 
aMHJIHXyflbl (pHC. (jll)). 

BejiHHHHa co6cxBeHHbix hhccji ^jih HepBbix xpex mo^ na Bcex nexbipex cerMCHxax 
npe^cxaBjiena b xa6jiHn,e. 



N 


HoMep Mo^bi 


cerMCHxa 


1 


2 


3 


4 


1 


277.0 


124.3 


66.2 


45.0 


2 


286.5 


100.9 


68.3 


50.0 


3 


294.4 


102.6 


56.4 


28.5 


4 


242.1 


122.3 


76.4 


47.7 


Pnc. ©(a; 


;];eMOHCxpHpyex ochobhoh 



pesyjibxax cocxohx b xom, hxo cyiu;ecxByex xaxaa ^jiHHa cerMenxa (170 Mec5in;eB hjih 42.5 
Toj\&), nxo aMnjiHxy;];bi nepBofl ochobhoh Moj\i,i Be^yx ceGa H^^enxHHHO na nepBbix xpex 
cerMCHxax. /I,jiHHa nexBepxoro cerMenxa Hs-sa He;];ocxaxoHHO j\jmmA ncxo^noro Y>^j\a. co- 
cxaBjiaex 141 Mecan; hjih 31.25 jiex. Ho Bcefl bh^hmocxh hmchho 3xo oGcxoaxejibcxBo 
npHBo^Hx K oxKjioHeHHK) HOBefleHHs aMHjiHxyflbi nepBOH MOflbi Ha HexBepxoM cerMCHxe 
ox HOBe^eHHa na ocxajibHbix cerMCHxax. H^enxHHHOcxb HOBe^eHHSi nepBOH MOflbi na xpex 
HepBbix cerMCHxax osnanaex, hxo aMHjiHxy^a nepBOH mo^bi ocxaexcH hohxh hocxohhhoh 
Ha HepBOH HOjioBHHe cerMCHxa, saxcM ohchb 6bicxpo b cepe^nne cerMenxa ona ohchb 
Gbicxpo MCHiiex CBOH 3HaK Ha o6paxHbiH H ocxaexcH ^ajiee HeHSMeHHoii na BxopoH ho- 
jioBHHe cerMCHxa. Ha rpaHHH;ax cerMenxoB npoHcxo^Hx HOBaa cMena sHaxa aMnjiHxyflbi 
nepBOH Mo;i,bi sa KopoxKnfi npoMeacyxoK BpeMenn. Ha rpaHHn;ax ace cerMenxa nponcxo^^nx 
CKanKoo6pa3noe nsMenenne ycpe^nennon no cexMenxy aBXOKoppejian,HonnoH (|)ynKn;HH. 
TaKHM o6pa30M, no;i,o6pannaa j^jmaa, cerMenxoB b 42.5 Toj\a. (170 Mecan,eB) cooxBexcxByex 
B peajibnocxH ocnoBnon nacxoxe CKanKooGpasnbix nsMenennn aMnjinxy^bi nepBon Moj\i,i. 

B n;ejiOM anajiornnnoe noBeflenne naGjiioflaexca n y Bxopon n xpexben ochobkbix moj\. 
OcHOBHbie HSMeneHHSi aMnjinxy^bi bxhx MOf\ nponcxo^ax xaK ace b cepe^nne cerMenxoB. 
O^naKo oci];Hjiji5in;HH, onncbiBacMbie sxhmh Mo^aMn nponcxo^ax c Gojibmen nacxoxott. Ec- 
jiH nepno^ ocn;Hjiji5in;HH nepBoii mo^bi no xapaKxepy ee noBc^ennii Moacno on;enHXb KaK 
^jinny cerMenxa, xo nepno^bi Bxopoii n xpexben Mo^bi npnMcpno Kpaxnbi cooxBexcxByio- 
iu;eH ocnoBnoii nacxoxe nepBon mo^bi f2 = 27r/42.5 [jiex]^^ c ynexoM nx CKanxooGpaanoro 
HSMeneHHH na rpanHn;ax cerMenxa. J\jiii Bxopon Moj\i,i nacxoxa npnMcpno paBna 2VLq, a 
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Phc. 4: TpH nepBbix Mo;];t.i (A-l,B-2,C-3) ocTaTOHHbix psflpB aBTOKoppeji5in;HOHHOH 4)yHK- 
n;HH. 1,2,3,4 - HOMepa cerMCHTOB 
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Phc. 5: HsMeneHHe aMnjiHTy^^bi mo^i; (A-1,B-2,C-3) co BpeMeneM. 1,2,3,4 - HOMepa cerMen- 

TOB 
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Phc. 6: OxKjioHeHHe cpeflHHX SHaneHHii aBTOKoppejismHOHHOH (|)yHKii;HH no cerMenxy ot 
cpeflHefi no bccm CKOjibsamnM pa^aM. 1,2,3,4 - noMepa cerMenxoB, 5 - cpe^naa axoKop- 
pejismHOHHas (|)yHKn;Ha no BceM c^BnraM CKOjibsamnx pa^oB 

fljia TpexBeii 3f2o- 

6ojiee flexajibnoro anajinaa noBe^enna oT^ejiBnbix cocTaBjiHion^Hx pasjiojKenna 
([2]) npn nepexo;],e ox o^noro cerMeHxa k ^pyroMy paccMoxpnM oxKjionenne 4)yHKn,HH 
R'q\t) ox o6m,ero cpe;];nero. 3xh rpa(|)HKH npe;i,cxaBjient.i na pnc. 1^. 
KaK BH^no, 4)yHKu;HH r'q'\t) MOJKno npe^cxaBHxt b cjieflyK)in,eM BH^e: 

Ri^\T)=RoiT)+p('^\T). (3) 

OynKn;HH p'^°-\t) Be^yx npnMepno o^^nnaxoBo. 3xh (|)ynKn;HH ox napaMexpa r Moacno 
npe^cxaBHXb b bh^c oflnoii rapMonnKH, Mo^yjinpoBannoii Gojiee nnsKonacxoxnoii rapMO- 
HHKOH. Oxjinnne (J)yHKn;HH p*^"^(r) ^pyr ox flpyra b ochobhom cBOflHxca k c^Bnry (J)a3 
BbicoKonacxoxHOH rapMOHHKH npn neGojibmoM HSMenennn (|)opML.i nnsKonacxoxnoii orn- 
6aion];eH. OaKxnnecKn 3xo oananaex, hxo Hacxoxntin cocxaB 3xhx oxKjionennfi o^nnaKOB, 
a HSMenenna co BpeMeneM CBO^axca k HSMenennio aMnjinxy^ti K03(|)(|)Hn;HenxoB rapMonn- 
necKoro pasjioacenna sxnx (|)ynKn;HH. 3xo naGjno^enne Baxcno c xohkh spenna yKaaanna 
xnna Moj\ejm xaKoro noBeflenna aBxoKoppeji3n;HOHHOH (|)yHKn;HH. 

4. JXjiii xoro, nxo 6l.i nocxponxb Mo;i,ejib cjiynannoro npon;ecca, onncBiBaiomero na- 
6jiio;];aeML.ie cBoncxBa aBxoKoppejian;HonnoH (|)ynKn,HH cKOJii>3am;Hx pa^^oB nnceji Bojib(|)a, 
paccMoxpHM cjiynannbiH npon,ecc cjie;];yion];ero BHf\d,: 

oo 

w{t) = ^Ak cos{ukt + (pk), (4) 
fc=i 

B KoxopoM aMnjiHxy^bi rapMOHHK h hx 4)a3bi aBjiaioxca cjiyHannbiMH HHCJiaMH. TaKoro 
xnna npon;ecc npn ycjioBnn nesaBHCHMOcxn cjiynannbix Bejinnnn n (pk ^ ^^onojinnxejit.- 
HOM xpe6oBaHHH: 

cos (pk = sin 0fc = (5) 
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npe;];cTaBji3eT co6oii cTaLi;HOHapHbiH b mnpoKOM cMbicjie npon;ecc. 3p,ech nepxa cnepxy 
o6o3HaHaeT ycpe^^neHHe no ancaiviGjiio (BepoHTHocxHOMy pacnpe;];ejieHHio) . Cxai^HOHap- 
HOCTb B mnpoKOM CMBicjie osHaHaex: 



w(t)w{t — r) = Rw{t). 

JXjis npoii;ecca (jl]) HMeeM: 



Rw{t) = J2Y1 AjAkCos{uJkt + (f)k) cos{ujk{t - r) + (pj) = 

k=l k=l 

oo 

= II ^cos(a;fcr). 
k=i ^ 

0;];HaKO, ecjiH j^Jiii npoij,ecca ne npe;i,nojiaraTb nesaBHCHMOCTH cjiynaKHbix BejiHHHH 
Ak H 0fc, TO 3TOT npoij,ecc nepecxaex 6t.iTb npoii,eccoM cTaii,HOHapHt.iM b mnpoKOM cMbicjie. 
/^eitcTBHTejiBHo, B 9TOM cjiyHac HMeeM: 

oo 

Rw{r, t) = cos(wfcT) + 

k=i ^ 

oo oo 

+ {Qkj cos[(a;fc + Wj)^ - ^iA^ 

k=i j=i 

-Pf!j sm[{uk + ujj)t - Ujt] + 

+Qkj COs[{Uk - UJj)t + Ujt] + 
- Pkj^^^{i^k-UJj)t + UJjT]] . 

3flect> 



^+ _ AkAj cos(0fc + (f)j) _^ _ AkAjsm{(j)k + 0j) , . 

Vfcj — r, ' ^kj —95 



J- _ AkAj cos(0fc - 0j) _ AfcAj sin(0fc - 
'kj ~ 2 ' '^i ~ 2 



riojiyneHHoe cooxHomeHHe ^jih Ruj{T,t) mojkho sanHcaxB b 6ojiee KOMnaKXHofi cJ)opMe: 

00 ^ 

Rw {r, t) = Y.^ cos(wfcr) + (7) 
k=i ^ 

00 

+ H ('^'^' (^) cos c^fcT + S'fc (t ) sin a;fcr) , 

k=\ 

r^e 

00 

= E [Q^. cos fi^.t - Pt, sin fi+ 1 + 
fc=i 
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+Qi^j cos n^jt - P^^j sin ^]fc^.^J , 

oo 

Sj (t) = E [Qtj sin nt^t + P+ COS 1 + 

k=l 

+Qkj sin f^fcjt + Pkj cos fi^^.t] , 

^kj = ^k — ^j, ^kj = ^k + ^j- 

Hs 3THX cooTHomeHHH BHflHo, HTo npoij,ecc c KoppejiHpoBaHHbiMH aMnjiHTy^aMH H 4)a3a- 
MH aBjiacTca ne cxai^HOHapHbiM npoij,eccoM, npHHCM ero aBTOKoppejiaij,HOHHa5i 4)yHKn;H5i 

HMCeX BH;];, aHajIOrHHHblH KOTOpblfi COOTBeXCTByeX aBTOKOppejIHII,HOHHOH (j3yHKIJ,HH 

pH^a HHceji Bojib(|)a. 

CpaBHHBaa 3to npe^cxaBjienHe c (|2]) h (j3]) npnxoflHM k BbiBo^y, hto 4)yHKii;Hio Ro{t) 
MOJKHO conocxaBHTB HcpBOMy cjiaracMOMy b ([7]): 

oo ^ 
k=l ^ 

KOTopaa onHCbiBaeT CTai^HOHapnyio nacxt. aBTOKoppejiaii;HOHHOH 4)yHKii;HH. 

5. Ajih ycpe^^HCHHoro pH;i,a hhccji Bojit.(|)a, KOToptifi mojkct cjiyjKHTb ochoboh nporno- 
3a H3MeHHHBocTH cojiHeiHOH aKTHBHocTH, H3 Mo^ejiH (jl]) MOJKHo HOJiyHHTB cjieflyiomee 
cooTHomeHHe: 

oo 

W{t) = w{t) = Y^ (qk cos{uJkt) + Pk sm{ujkt)) • (8) 

k=l 

me 

Qk = Ak COS Pk = -Ak sin (pk- 

EcjiH npe^nojiojKHTb, hto KoppejinpyioT MCJK^y co6oh tojibko aMnjiHTy^bi h (|)a3L.i, coot- 
BCTCTByiomHe TOjiBKO o;i,HOH HacTOTC, a aMnjiHTy^bi H 4)a3L.i ^pyrnx rapMOHHK nonapno 

CXaXHCTHHeCKH He3aBHCHMt.I MCJK^y C060H, TO ^Jia BL.IHHCJieHHJI BejIHHHH Qk, Pk, BXOfla- 
mnX B BBipaJKeHHe ([S]), MOJKHO BOCnOJIB30BaTBC5I CJie^yiOmHMH COOTHOmeHHSIMH: 

^+ _ PkPj - QkQj ^_ _ PkPj + qkQj .Q^ 
Vfcj — 2 ' ~ 2 ' 

kj 2 ^ kj 2 ■ 

O^HaKo npH npoBe^eHHH rapMOHHHecKoro aHajiH3a aBTOKoppejismHOHHOH (|)yHKii;HH c hc- 
nojiB30BaHHeM 3thx cooTHomeHHH 3a^aHa o BbiHHCjieHHH Qk, Pk Sy^cT HeKoppeKTHoii b 
CHjiy nepeonpe^ejieHHOCTH chctcmbi ypaBHeHHH ([9]) . HosTOMy fl^jis peajiH3aii;HH xaKofi npo- 
ii;eflypi>i neoGxoflHMo paspaGaTbiBaxb cnen;HajibHyio npoii;eflypy, peryji5ipH3Hpyioiu;yio npo- 
ii;ecc BbiHHCJieHHH HHceji qk, Pk- O^hhm h3 cnoco6oB peryjiapH3an;HH cHcxeMbi ypaBHeHHH 
([2]) JiBjiHCTCH npe;];nojio>KeHHe o KpaxHocxH Bcex rapMOHHK, Bxofl,am;ax b npe^^cxaBjienne 
(jl]) . OGHapyjKeHHbie cBoficxBa pa3jio>KeHH3 ([2]) yKa3t.iBaiox na bosmojkhocxl. npHMeneHHa 
xaKOH npon;e^ypL.i fljia nocxpocHHa pemenHa ypaBHCHHil ([9]). HpH 3xom cjie^yex, kohchho, 
yHHXbiBaxb, Hxo yxpaHHBaexca bo3mo>khocxb onncaHHsi cyni,ecxBOBaHHs HecoH3MepHMt>ix 
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rapMOHHK B npon;ecce npe;i,cTaBjieHHOM pa^oM hhccji Bojib(|)a. /^pyroii BapnaHT nocxpo- 
eHHH pemeHHH cHcxeMbi coctoht b HcnojibsoBaHHH Mexo^a HaHMeHbinnx KBaflpaxoB. 
O^HaKo nocxpoeHHe xaKoro ajiropnxMa bbixo^hx aa paMKH ^aHHoli paGoxbi. 

6. BbiBo^bi, Koxopbie MOJKHO c^ejiaxb hs npoBe^eHHoro anajiHsa cbo^hxch k cjie^y- 
lomeMy. Ha ochobc anajiHsa aBxoKoppeji3n,HOHHOH (j3yHKn;HH cKOJit.33iri;Hx pa^oB HHceji 
BojTb(|)a ycxanoBjieHo, hto cojineHHaa aKXHBHocxb ocxaexca oxHocHxejibHo ycxoHHHBoft 
Ha oxpesKax (cerMenxax) BpeMenn nops^Ka 42.5 Jiex h HcntixbiBaex na rpaHHii;ax sxhx 
oxpesKOB cKaHKooGpasHBie HSMeHeHHH. Hpn sxom BHyxpn Ka>K;];oro xaxoro oxpesxa aB- 
xoKoppeji3n;HOHHa3 (|)yHKn;HH ncnbixbiBaex ocn;HjijiJin;HH c nacxoxaMH KpaxHbiM nacxoxe, 
cooxBexcxByiomeH nepnopy 42.5 Jiex. 3xh Bt.iBo;i,t.i b ij,ejioM cooxBexcxByiox pesyjibxaxaM 
anajiHsa pa^^a hhccji Bojib(|)a, nojiyHeHHbiM b paGoxax [1] h j2], h yxoHHHiox hx. 

Xox3 caM psji HHceji Bojib(|)a aBjiaexca Hecxaii;HOHapHt.iM, o^naKo Hesaxyxaiomnil xa- 
paKxep aBxoKoppejiaii;HOHHOH 4)yHKii;HH nojiHoro psfla HHceji BojibcJ^a yxasBiBaex na bbi- 
coKyio peryjiapHocxb caMoro npon;ecca. onHcaHHH xaKoro noBe^eHHH Gtijia npe^jio- 
jKena HOBaa MOfl^ejih KBa3Hcxan;HOHapHoro npon;ecca, npe/i;cxaBjiaioiii;ero co6oh pa^ Oypbe 
CO cjiyHaHHBiMH aMnjiHxy^aMH h (|)a3aMH rapMOHHK, cjiynaHHtie (|)jiyKxyan;HH Koxoptix 
KoppejiHpyiox MejK^y co6oii (cxaxHcxHHecKH saBHCHMbi). Kax noKasano, xaKofi npon;ecc 
B ii;ejioM oxpaacaex HaGjiro^aeMbie cBoficxBa aBxoKoppeji5in;HOHHOH (|)yHKi];HH cKOJit.35iiri;Hx 
psflpB. IIpe^^JiojKeHHaH MOfl,ejih nosBOjiaex, anajiHsnpya jxannhie o aBXOKoppejiaij,HOHHOH 
(|)yHKn;HH CKOJib3Hiii;HX pa^^oB 

PaGoxa BbinojiHena npn no^mep^Kxe POOH (1 1-01-0074 7-a, 10-01-00608-a) h npoexxa 
(|)eflepajit>HOH n;ejieBOH nporpaMMbi "HayiHtie h HaynHo-ne^arorHHecKHe xa^pbi HHHOBa- 
^HOHHOH PoccHH"Ha 2009-2013 ro^^binpoeKx HK-594H/8. 
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